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(57) (57)[ABSTRACT of the Disclosure] 



l^m] [SUBJECT of the invention] 

ii5i^itj@I^J|a^^^¥6<J(;i'f^i!l Provide the ultrafine-particle generation 

±i^^tTV\ i^'tXMW^ deposition apparatus which produces a 

^icMir^f^^ • ^^—i^^^ liigh-purity ultrafine particle efficiently, and 

^ir^^mW^'f-^f^i^^BW.^ deposits and lightens the contamination * 

iltt"t"5^i:o damage with respect to an ultrafine particle 

collectively 
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[nm^^] [PROBLEM to be solved] 

iSflE^j^'^^HMTtr^ — y The ultrafine-particle generation section 101 

l^—f—^ 10 8 "C'ySiiB which a target material is excited with the laser 

Ly 7:/ 1/— V 3 y^lt^i^ ^ o light 108 by low voltage noble-gas atmosphere, 

X^—^v • l^tti^ ablation reaction performs the detachment * 

tTV\ fiJiil • IN'lii'^M^ic't'T? emission of a target material, and the 

' ^ft$-&Tj@^i|&i=-Sr^ detachment * emission matter is condensed * 

Z.(D^'^^^^T'f\y— grown up in the air, generates a ultrafine 

y7°/i/— A(7)^!feS;^|n]{c:i2 particle, and collects these ultrafine particles 

W.^f\^fz.W:^^=i-'^%^^^'f\Z- with the ultrafine-particle collection pipe 

ctoTiRft-^S^^JStliT-ii^pP arranged in the growth direction of an ablation 

1 0 1 , ilXA^tii^cM^^T-^ plume, the ultrafine-particle classification 

L-^ ^MW^W 113 ^jlv^ section 102 which the collected ultrafine particle 

X^M^-f^^^^^^jfWiMl 0 is electrically charged and is classified using 

2. ^^-f^^^tifc^^^AT-^ii^ classifier 113, the ultrafine-particle deposition 

M±{c0$^J|t^Jti||ffiy X/> section 103 which deposits the classified 

^^LT*i^1-'5)@l^3|a^*ill ultrafine particle through the nozzle for 

^10 3;^'>b1iJ^$tl6^ ultrafine-particle deposition on the deposition 

^^(^^J5ife;6^^*i^^T?Srilii^ substrate, it is the ultrafine-particle generation 

fitl^cf— fi5c07°nir;^T?^T deposition apparatus which comprises these 

5fe^^^*i^i^tt'Cfc'5o and which performs from generation of a 

ultrafine particle to deposition in the process of 
a continuous package. 
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101: Ultrafine-particle generation section 

102: Ultrafine-particle classification section 

103: Ultrafine-particle deposition section 

104: Vacuum reaction chamber 

105: Carrier gas 

106: Mass-flow controller 

107: Pressure indicator 

108: Laser light 

109: Ultra-high-vacuum exhaust gas -based 

110: Charge chamber 

111: Sheath gas 

112: Mass-flow controller 

113: Differentiated type electrical-mobility classifier 

114: Ultra-high-vacuum exhaust gas -based 

115: Mass-flow meter 

116: Conductance variable valve 

117: Ultrafine-particle deposition chamber 

118: Mass-flow meter 

119: Conductance variable valve 

120: Roots vacuum pump 

121: Dry pump 
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From a thing top without a number; 
Feedback control 
Sheath gas 
Carrier gas 



imm^omm] [claims] 



itmm 1 ] [CLAIM 1] 

{Jg:i±^^;*f;^#ISMT'T:^ — y :y A target material is excited with a laser light by 

ht4"^ Ix— if — TfCMi^^ T low voltage noble-gas atmosphere, ablation 

zf U—iy 3 y^}^^{z X o T^f2 reaction performs the detachment * emission of 

^^/f y hl^cDl^tgi • ttdi^tT said target material, the substance which said 

V^, tuffiT:^ V^v^a y^^&d ablation reaction detached * emitted is 

ct o TIJifii • Wtti ^ titc^K^ condensed * grown up in the air. and a ultrafine 

^^-V'MB ^ f^^^^xmWB particle is generated, it collects with the 

^^^f^L^, ^f^^tifcMW^ ultrafine-particle collection pipe arranged in the 

T-^tiflST:/U^v^3 yRJt>\z. growth direction of the ablation plume which 

X<:>X^CfcT'7'u--i/B y:/ produced the generated ultrafine particle 

/p— AC0fi5cfi:^fRl{^@BM^t^/c according to said ablation reaction. 

j^WiL^^M^-^^ i o The above-mentioned ultrafine-particle 

5®$^feT*^fi5c^> ilXft^ generation section, the ultrafine-particle 

ti/c:®^3taT'^#fl;b^^>§yfl; classification section which the collected 

ultrafine particle is electrically charged and is 
classified using a differentiated type 

fzM^^^^^^W^^L\z.W^ electrical-mobility classifier, the ultrafine-particle 

)fez^±t^ffl J LXi|^ deposition section which deposits the classified 

ir^MML^^^'^^l^^h^l^^ ultrafine particle through the nozzle for 

^x5> W^^^(0^^t^h^^ ultrafine-particle deposition on the deposition 
^"C^jS^S^^c^— substrate, the ultrafine-particle generation 

-C^T ^#tt h^^^^^ deposition apparatus characterized by 

^^^ii^^go performing from the generation of a ultrafine 

particle which comprises these to deposition in 
the process of a continuous package. 
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[CLAIM 2] 

A ultrafine-particle generation deposition 
apparatus of Claim 1 , in wliicli after exhausting 
said ultrafine-particle generation section, the 
classification section, and the deposition 
section to a ultra-high vacuum, generation * 
classification * deposition of a ultraflne particle 
Is performed in the low voltage noble-gas 
atmosphere of a high purity. 



[ti5}?iI3l 



[CLAIM 3] 

An ultrafine-particle generation deposition 
apparatus of Claim 1 or 2, in which furthermore, 
the exhaust speed of the exhaust-gas pump 
connected to said ultrafine-particle deposition 
section by the pressure indicator formed in said 
ultrafine-particle generation section is feedback 
controlled. 



[CLAIM 4] 

An ultrafine-particle generation deposition 
apparatus in any one of Claim 1 to 3, which has 
the ultrafine-particle collection pipe moving 
mechanism which makes movable the position 
of said ultrafine-particle collection pipe to said 
target material at 3 axial direction. 



[CLAIM 5] 

A ultrafine-particle generation deposition 
apparatus in any one of Claims 1 to 4, In which 
furthermore, it has the ultrafine-particle 
collection pipe attachment or detachment 
mechanism in which said ultrafine-particle 
collection pipe is easily exchangeable for the 
pipe with which shape * structure differs. 
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[ft*il6] [CLAIM 6] 

t^jte^^S^i^^0^^-fcv^r^ The ultrafine-particle generation deposition 

W&^(D'^MKMc^'\iW\iiLW^^ apparatus in any one of Claim 1 to 5 which uses 

ffiV'SfS^^ 1 5 (T^V^Ttt a radioisotope for the charge of a ultrafine 

M^ni^O^l^^^^^f^^^'^ particle in said ultrafine-particle classification 

fio section. 

Itmm 7 1 [CLAIM 7] 

miMW^^^xTB^l^^^^X^ The ultrafine-particle generation deposition 

Wi'^iLl^(D^W.\^^^^y.>'^^ apparatus in any one of Claim 1 to 5 which uses 

>^V^5tf 1 5 cov^-f a ultra-violet-ray lamp for the charge of a 

MctiW.(Dm'l$^^iL^±f^i^W^ ultrafine particle in said ultrafine-particle 

Bo classification section. 

[ff*^8l [CLAIMS] 

m^MWi&^M^l^y ^^^tm The ultrafine-particle generation deposition 

IE*i^SKr^<^Sg^$r pJ^'t'S apparatus in any one of Claim 1 to 7 which has 

^WiWM^^i'^tn^^lt'^h the moving mechanism which varies the 

7 (D\^^ii'tiMc^^<Dil^W&^^ distance between said nozzles for 

^J^M^^Wo ultrafine-particle deposition and said deposition 

substrates. 

[ffM9l [CLAIM 9] 

tut2^^SI4^ti9SK^?p^i^ The ultrafine-particle generation deposition 

^W^^^^ir ^tn^^ lA^'hS apparatus in any one of Claim 1 to 8 which has 

(D\^^i^tiM:iniM<D^W^l^± the mechanism which cools said 

^4^^So ultrafine-particle deposition substrate. 

Ummi 01 [CLAIM 10] 

mt^MW^^^^^^^R^^M't The ultrafine-particle generation deposition 

^W.^M^^'t ^^n^^M l^^hS apparatus in any one of Claim 1 to 8 which has 

(D\/^'fti^^\^ti^(DMW^^± the mechanism which charges said 

^i#^^So ultrafine-particle deposition substrate. 

immmummm] [detailed description of the 
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INVENTION] 



[000 1] 



[0001] 



'bo 



[TECHNICAL FIELD of the invention] 

This invention relates to functlonai-material 
manufacturing equipment, especially, it is 
related witli tiie functional-material 
manufacturing equipment which has the 
particle-size control of the ultrafine particle 
which can anticipate various functional 
expressions from the quantum size effect, and 
the characteristics which can accomplish a yield 
improvement and contamination lightening, and 
which were excellent. 



[0 0 0 2] 



[0002] 



s i ^ I vmum>hmf^^ti 



[PRIOR ART] 

In order to use as an optoelectronic material to 
which the semiconductor ultrafine particle which 
comprises Si -based IV group material is made 
as for visualization light-emission etc., spherical 
ultrafine-particle production by which the 
particle size was controlled by nm (nanometer) 
level is indispensable. 

Furthermore, the laser ablation method is 
suitable for ultrafine-particle production of nm 
level. 



[0 0 0 3] [0003] 

HI 5 litMx.lit^f^^ 9 - 2 7 5 FIG. 5 is an apparatus conceptual diagram for 
0 7 5-^ic:tfiic$tt;t, carrying out the production deposition of the 



7/15/2003 



11/41 



(C) DERWENT 



JP2000-282222-A 



THOIVISOISI 



DERWENT 



^—-fy L-T i^— if— ultrafine particle by giving the laser ablation 

Tzf i^—i^ a y\^'%:M't^ t\z. method to the conventional target material 

J; , ffi^*ii^^f^M*i^1"S indicated by Unexamined-Japanese-Patent No. 

fiib(DmW.Wi^MX^h^. 9-275075. 



[0 0 0 4] 

^^!^.5 0 2 t^h(r)]y—^—%ii^ 
5/ h 5 0 3, 

0 4. 5 7—5 0 5. I/— if— 
5 0 6 t-hmi^^tlfz 

0 1 {C^A$iX> *^Si^;^5 

0 KD^m^wtw^fitc^-^ 



[0004] 

In FIG. 5, the laser light from an excimer laser 
502 goes the optical system v\^hich consisted of 
slit 503, condenser 504, mirror 505, and a laser 
optical introduction aperture 506, it introduces 
into the vacuum reaction chamber 501, 
condensing irradiation is carried out on the 
surface of the target material 508 arranged at 
the target holder 507 installed in the core of the 
vacuum reaction chamber 501. 



[000 5] [0005] 

^bl^. ^—^y httSOB^ Furthermore, the deposition substrate 509 is 

ffi(D^|$;fyfB](c:ii^S;K 5 0 9 arranged in the direction of the radiation of the 

;6^lfi®$tLTV^5o ^—^yV target material 508 surface. 

It 5 0 8 CO if — V The collection * deposition of the detachment * 

— i/ 3 l^\z.X.'^^iM. ' WttjfeM emission substance by the laser ablation from 

(i±i^S^5 0 9±{cJi^ • it the target material 508 is done on the 

^ $ ti -5 o deposition substrate 509. 



[0 006] [0006] 

±fS(7) J: 9 t^^^^^ti/i^c^gfc: In the apparatus comprised as mentioned 

joV^T, S i ^^^^ y Mt(}r above, production of the semiconductor 

\.fz.^^(D^M^^W^^l'(0'(f ultrafine particle at the time of making Si into a 



target material is considered. 



[0 0 0 7] [0007] 

^"fs X^S^S^SOl^, ^ First, after exhausting the vacuum reaction 
— '^^Ti^T^y^^'^^k. chamber 501 for a turbo-molecular pump to a 
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1*10"^Torr ultra-high vacuum by HV 
exhaust-gas -based 512 made into the agent, 
HV exhaust-gas -based 512 is closed. 



[0 0 0 8] 

m^. ^:if^mA7-fy5 1 0 

^iiCT-^y ':7M.:ff^ (He) 
t:M^Rm^5 0 1 l^tc^A 

1 ii^x^mmmmt Ky^n 

{Cj;i9. -^i±;'3 (1. 0-2 

0 . 0 T o r r ) (Di&j±^:>^'^ 
(He) MMt-K^SJ^i^^S 

0 1 ^^ij^i^-rso ^n^titcm. 

Terr (DH e :^;^#I1MT 

1 . 0 J/ 



[00081 

Next, helium gas (He) is introduced in the 
vacuum reaction chamber 501 through the 
noble-gas introduction line 510, by the 
differential pumping by differential-pumping 
-based 513 which made the agent the flow 
control and the dry rotary pump by the 
mass-flow controller 511, the vacuum reaction 
chamber 501 is maintained in the low voltage 
noble-gas (He) atmosphere of a constant 
pressure (1 .0 to 20.0 Torr). 
In maintained several Torr He gas atmosphere, 
the laser light of high-energy density (more than 
1. OJ/cm^ for example,) is inradiated to the 
target material surface, the detachment * 
emission of the matter from a target material is 
performed. 



[0 0 0 9] 



[0009] 

Since the detachment matter dissipates a 
kinetic energy in an atmosphere-gas molecule, 
it promotes to the condensation * growth in the 



*6^S^ 5 0 9 i-C^KE^^n m air, on the deposition base plate 509, a particle 
n xQ.(r>W^^^\z.^^ size grows to be a several nm to several dozen 
LT:Ni^^ti5o nm ultrafine particle, and it deposits it. 



[0 0 10] [0010] 

I Since IV group semiconductor is an 

W'^<^X\ /^^y YW&'^X^^^^ indirect-transition type originally, an 

X\%y ic J y<D'^1i£ii^^'^'KX interposition of a phonon is indispensable 
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foD. ii^^j^M^Wi^^^U^^lt transient between bands. 
#SiCD^^;6>^ < . UltSlg^^ There are very few probabilities which there are 
^^M^li'^'h^X{P^j:\/^'A^^^ many productions of heat and carry out 
?f^^^3|^^;6^^nmU'^/W(7)® radiation recombination in a recombination 
^i^lc-tS t. HThIW process inevitably. 

{c:*3{tS^^3liRIiJ^OlifPs M However, if a particle size makes a shape the 
W}^^&<Di^i^^(D^^7()^^\:. ultrafine particle of several nm leve|, when 
^Zt\^X^y MJ-'-lEJlMO effects, such as relief of the wave-number 
$@IH'S^^i§S<^^^5ft^55^ti selection rule which can be set transient 
:^L> ^ between bands, and increase of oscillator 

"^tb ^ strength, arise, the occurrence probability of the 

radiation recombination process of an 
electronic-positive-hole pair will increase, strong 
light-emission can be presented. 

I 0 0 1 1 1 [0011] 

rrt^H ^^^ft {^^y^i-h Here, increase of the absorption-edge 

yoz^/i^^— ) (7)$iJ^(;i{i, 0 light-emission energy (it corresponded to the 

6 iz.7fzLfc1^U^^'^^(OWi<P' band gap Eg) by the quantum confined effect 

{cff 5*^PflC^*^:^{^ctS accompanied to a reduction of the 

^R^i^^tft^^-^i^^— i^^y K ultrafine-particle particle size shown in FIG. 6 is 

yZfE g\:i)^fib^) (DMi^^ utilized for the control of the light-emission 

^\\^i^6o ^^^ytil& wavelength (the light-emission photon energy). 

fi^#6 7t&(^fl^1^*5T-3|&fl In other words, in order to obtain a single 

(Di^-^it^^^^piiK^^h^o light-emission wavelength, homogenization of a 

il&^{z.MJt- Ltc'^^oWij^^^ ultrafine-particle particle size is indispensable. 

^Rltg?'c^PS«9 3|^lfl5)^^^W3$y L If particle size distribution is suppressed as 

X^j^ • ±i^"Cttt{i¥fe^7fe much as' possible and the ultrafine particle of 

- ^: j6^pT the particle size corresponding to the 

^t^j:^o light-emission wavelength Is made generation * 

deposition, a light-emitting monochromatic 
optoelectronic material can be obtained. 

[0012] [0012] 
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[PROBLEM to be solved by the Invention] 

As the above-mentioned PRIOR ART 
described, in order to light-emit a single 
wavelength using the semiconductor ultrafine 
particle as an optoelectronic material, 
generation * deposition of the ultrafine particle 
of several nm level of the single particle size by 
which particle size distribution was suppressed 
is required. 



[0 0 13] 

mmi^ ^ c7) V ^^ ffi j^T- w 

0%) (DtMz^m^^^Pi^'^ 



[0013] 

Although a mean diameter is controllable by the 
PRIOR ART by choosing appropriately the 
pressure of an atmosphere noble gas, the 
distance of a target material and the deposition 
base plate, etc., it is still difficult to obtain the 
semiconductor ultrafine particle of the uniform 
particle size whose geometric standard 
deviation (sigma)g is 1.2 or less, since the 
distribution of a particle size exists. 
The in other words more positive particle-size 
control is needed. 

Moreover, the ultrafine particle of nm level is 
very sensitive to mixing of an impurity or a 
defect because of the high surface atom ratio (it 
is about 40 % at the particle size of 5 nm). 



[0 0 14] [0014] 

o^<9^ ^j^i^^^'H^t LTi In other words, as the generation deposition 

^ ^^X^"^ ?^ ~''y(D(P'fj:\^^y^u approach, it is more pure and the process with 

±:^t^^^htiX^^^o less a damage is searched for. 



[0 0 15] [0015] 

^^P^(±±fBt^^5l5(Z)lSM^fi?^ It was made in order that this invention might 
^^tcfy{z.f£^titih(DX\ ^ solve the above-mentioned conventional 
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— • ^^W^^^i'^ n m subject, it aims at providing the ultrafine-particle 
u^/i/cDffi MiS^^^T*^?'^ generation deposition apparatus which 
^ • ^V^v^^^^^Lfct^^T produces efficiently the high-purity ultrafine 
^Jj^^l^i^ML'. particle of nm level which has single 

lt^1-5ffi»T-^^±ia^e particle-size * uniform structure in the state 
^ t^B&Jti'^o where the contamination * damage was 

lightened, and is deposited on the deposition 

base plate. 

[0016] [0016] 



imm^Ml^^^tc^(^^^] [MEANS to solve the Problem] 

-bfSI^M^^?i^i"'5/c^(c::^^ In order to solve the above-mentioned subject, 

5^<D@^^uT-c^^^Jt^gfi the generation deposition apparatus of the 

fi. if— 3 ultrafine particle of this invention, it constituted 

cfc 5S WF-^^fiSc^ U^MM so that generation of the ultrafine particle by the 

^#M^^i^g{-ctS®W laser ablation, the particle-size control of the 

^(DU%UW. $f?{-it^S*S ultrafine particle by the differentiated type 

^(7)®^5KE^(Dlt^^iij^6^/cf electrical-mobility classifier, and deposition of 

— n ir ;^ TfT 5 ct 5 l^M the ultrafine particle to the deposition base plate 

ji^Lfch<0^h?>o might be performed in the process of a 

continuous package. 

[0 0 17] [0017] 

/5^;0^5t#^{^ct ^ ^ ^—W^' By this composition, the high-purity ultrafine 

particle of single particle-size * uniform structure 

i#^S^5-bl^*i can be produced efficiently, it can deposit on the 

tt^^^ ^ deposition base plate, and a contamination * 

^ • :Lti^ damage can further be lightened. 

[0 0 18] [0018] 



immommm] [embodiment of the invention] 
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*^P^(7)ff jjtil 1 Invention of Claim 1 of this invention, a target 

it, fSi±l^:*^^^#[a^T'C^^ material is excited with a laser light by low 

y :y ^ u — if — TtTl/j^B voltage noble-gas atmosphere, according to 

Tzfu-'iya l^RJt^lz.X^ ablation reaction, the detachment * emission of 

-^^^/fy }^^;{(7)^^ • Wtt}^ a target material is performed, the substance 

^tV^, m • Ittti^tLfctlK^ which it detached * emitted is condensed * 

^^X-M^ • grown up In the air. and a ultrafine particle is 

^^±f^Ls ^fiH^tifcMWlML generated, it collects with the ultrafine-particle 

^^Tzfu—i^B >'SfS{^cto collection pipe arranged in the growth direction 

T^C;^cT7V— v-a of the ablation plume which produced the 

^(Dfj^-S:^l^l^^iW:^titzMW generated ultrafine particle according to 

)|^l^lJX^/^V zfK ct o mir ablation reaction. 

6MWUl^±f^U. ^M^tifc The above-mentioned ultrafine-particle 

MmUl^^^Ml^WA^M^^ generation section, the ultrafine-particle 

tfjS^-HSgMSrfflV^X^^^-fS classification section which the collected 

BWU^'zyB^]^. "^B^tifcm ultrafine particle is electrically charged and is 

»^^iiaM±{;:®»i^ classified using a differentiated type 

iS^ffl y Xyl'^:^^ LTJ#^i~5 electrical-mobility classifier, the ultrafine-particle 

®^|iA^i#^Fi|5>5^ b ^ tt deposition section which deposits the classified 

5x ultrafine particle through the nozzle for 

T?rSM6^^^-'tSc7)ypir>^'C ultrafine-particle deposition on the deposition 

"^10 ^t^W^tir^MW^il^ substrate, from the generation of a ultrafine 

^f^i^W^W-X h "9 > particle which comprises these to deposition is 

• i^^WikO^it^^MWiB^l^ performed in the process of a continuous 

^^j}mmcimL. mmmm± package. 

(c:J#^i"5 ^ 5 ^^'t It is the ultrafine-particle generation deposition 
60 apparatus characterized by the 

above-mentioned. 

The high-purity ultrafine particle of single 
particle-size * uniform structure is produced 
efficiently, and it has an effect of depositing on 
the deposition substrate. 

[0019] [0019] 
*^PJ(7)ff*il2{ciEflcC7D|§0^ Invention of Claim 2 of this invention, in the 
ft 1 fS4ic»M03(§i^ii ultrafine-particle generation deposition 
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^it^^S^cjoV^T. apparatus of Claim 1, after exhausting the 

±1^^. ^MU. Jt^^^rMffi ultrafine-particle generation section, the 

M^l^^^%Lfz^k-. ^H&<^i& classification section, and the deposition 

B^:^ ^^MM.T'^'i^W^^^O section to a ultra-high vacuum, generation * 

' ' *i^^tf 0 ^ classification * deposition of a ultrafine particle 

W0.tir^i)(D-<:hK) s is performed in the low voltage noble-gas 

a atmosphere of a high purity. 

LM^&it^i^M't^ i 5 It is characterized by the above-mentioned. 

ffl^#i"5o It has an effect of lightening the contamination 

of a ultrafine particle by which generation 
deposition is carried out, and promoting a high 
purification. 

[0 0 2 0] [0020] 

jJ^ilSt^tEttOlil^ Invention of Claim 3 of this invention, in the 

}i> If 1 ^/ifi 2 tBicO® ultrafine-particle generation deposition 

l^i|S^^^ii^iSg{c:iol/^T^ apparatus of Claim 1 or 2, with the pressure 

B^U^^J^W^Wii-ftzBtlt]^ indicator formed in the ultrafine-particle 

icX'O^WU^M^Ui^i^fl^^ generation section, the exhaust speed of the 

iXfcW^^yy<D^^^M^^y exhaust-gas pump connected to the 

^ — hv^ 5/ ^ M'Mi'^ ^ i: ultrafine-particle deposition section is feedback 

mt-r^hOX^h^ . mun^ controlled. 

^M^<(^to tt 5 i^'^^^O'^B. It is characterized by the above-mentioned. 

ffiS^[R]-h"t"6 <!: 9 f^-ffl^^ It has an effect of improving the sharpness of 

i'-So classification of the ultrafine particle in the 

ultrafine-particle classification section. 

[0 0 2 11 [0021] 

*^B.^co|f*il4 dlSlfecD^iq Invention of Claim 4 of this invention, in the 

(i, W^JS 1 7!;^ 3 ultrafine-particle generation deposition 

i^BM(om.Wi^^±J^M^^U apparatus in any one of claims 1 - 3. it has the 

{c4oV^"C> ®$S^^JJX^^^^ 7° ultrafine-particle collection pipe moving 

(DiiLW.^-^—'^y hW{c>Pl-L'C mechanism which makes the position of a 

3$li^\p]iz.^W}'^tit'i'^M'^ ultrafine-particle collection pipe movable to a 

U^ilRM^-^^ -f^WiWM^^-t target material at 3 axial direction. 

^:Lt^W'^t't^h<D'(:h It is characterized by the above-mentioned. 
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It has an effect that the position * distance of the 
ultrafine-particle collection pipe with respect to 
the target material which is an important 
parameter at the time of the ultrafine-particle 
generation by the aggregation * growth in the air 
of the detachment * emission substance from a 
target material can be controlled, and an 
efficient ultraflne particle can be generated. 



[0 0 2 2] 

So 



[0022] 

Invention of Claim 5 of this invention, in the 
ultrafine-particle generation deposition 
apparatus in any one of claims 1 - 4, it has the 
ultrafine-particle collection pipe attachment or 
detachment mechanism in which a 
ultrafine-particle collection pipe is easily 
exchangeable for the pipe with which shape * 
structure differs. 

It is characterized by the above-mentioned. 
In collection of the generated ultrafine particle, it 
has an effect that a ultrafine particle is efficiently 
collectable by optimizing by distinguishing 
easily the effect which the shape * structure of a 
ultrafine-particle collection pipe does. 



[0 0 2 3] 



[0023] 

Invention of Claim 6 of this invention, in the 
ultrafine-particle generation deposition 
apparatus in any one of claims 1 - 5, a 
radioisotope is used for the charge of a ultrafine 
particle in the ultrafine-particle classification 
section. 

It has an effect that the charge of a ultrafine 
particle can be performed to the small volume, 
and the whole apparatus can be reduced in 
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size. 



[0 0 2 4] 
[0 0 2 5] 

mm^-^^tir^^tT:. mm 

'So 



[0024] 

Invention of Claim 7 of this invention, in the 
ultrafine-particle generation deposition 
apparatus in any one of claims 1 - 5, a 
ultra-violet-ray lamp is used for the charge of a 
ultrafine particle in the ultrafine-particle 
classification section. 

It has an effect that a ultrafine particle can be 
electrically charged efficiently. 

[0025] 

Invention of Claim 8 of this invention, in the 
ultrafine-particle generation deposition 
apparatus in any one of claims 1-7, the moving 
mechanism which varies the distance between 
the nozzle for ultrafine-particle deposition and a 
product substrate was prepared. 
It has an effect that the deposition conditions of 
a ultrafine particle can be optimized by making 
easy exchange of both nozzle * deposition 
substrate for deposition, and further making 
variable shape * distance of both the nozzle for 
deposition, and the deposition substrate. 



[0 0 2 6] [0026] 

^^^^(DW>^^M9(DXoK^'^ Adhesion in the deposition substrate of a 

^^Jt^SiK^?^*PfoSVMi^ ultrafine particle can be promoted by cooling a 

It^il 1 0 Oct 5 \::^MWiMl^M ultrafine-particle deposition substrate like Claim 

^SlS^^fll't'?) ^ <t ck ^ ^ 9 of this invention, or charging a 

BW^iL'?'<Di^^^^^^(DH^^ ultrafine-particle deposition substrate like Claim 

{JEii-rsr i:d^-CtSo 10. 



[0 0 2 7] 



[0027] 
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(MMmm) &sT. ^mM(0 (Embodiment) 

'^M<DBWA^^^^X. ^It^h Hereafter, it demonstrates to thie detail 

m4^^\^^XUmi'^UM^Wl demonstrated about Embodiment of this 

mt^o m 1 it^MMmMi^ invention using figs. 1-4. 

*5ft§@»^^^^*i^i^g<D FIG. 1 is a figure which shows the whole 

■^W-^J^^^ir^Xh^c ultrafine-particle generation deposition 

Mi^^^tifc^W^-^^J^^^ apparatus composition in this Embodiment. 

BM.it. The ultrafine-particle generation deposition 

1 0 1 i: , apparatus shown by this figure comprises the 

0 1 {dSc^^tL^lO ultrafine-particle generation section 101 which 

0 1 tc:joV^-C generates a ultrafine particle, the 

±0.^fitzmW^B^^^Mi'^ ultrafine-particle classification section 102 

10 2,!;. mU which classifies the ultrafine particle which was 

l^^^yHR^l O2^cfcv^-C^0 connected to the ultrafine-particle generation 

^fitzmU^j.^^i^^ir^mW section 101. and was generated in this 

'^^i^^^l 0 3 ti^hMl^^ ultrafine-particle generation section 101, and 

tiX^^^o the ultrafine-particle deposition section 103 

which deposits the ultrafine particle classified in 
the ultrafine-particle classification section 102. 

[0 0 2 8] [0028] 

w ^ SI^^T-4^p|5 10 1 Here, the fundamental composition of the 

(D^^&jtimii^^t, BU^^^ ultrafine-particle generation section 101 

f^^^i oM^Rlt-^l 0 4^ M consists of the vacuum reaction chamber 104 

^RJt-M 10 4 which generates a ultrafine particle, the 

V T0y^ 1 0 5) ^— ^ mass-flow controller 106 for introducing an 

a 1 l/min.) atmosphere noble gas (carrier gas 105) ipto the 

-C^Ai"5fcii6<7)-7;^7P — =1 vacuum reaction chamber 104 with the fixed 

^-hp — 7106, #ia^^&;^f mass flow rate Qa (for example, 11/min.), and 

:^}S.t]^%\:M'f' ^S.t}f]r I 0 7 the pressure indicator 107 which measures an 

d^fj^So atmosphere noble-gas pressure. 

[0 0 2 9] [0029] 

t.fz. i^U^^'^yB^l 0 2<D Moreover, fundamental composition of the 

S3|5:&t)/^tij=i5cfi, KMMMQ a ultrafine-particle classification section 102, 

-ejti^^ixS, mmi'^^J^U consists of 
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10 1 -Ts^f^^tifcBWi^'B^ The charge chamber 110 which is conveyed 

i^^l^lf Am 2 4 KDX. 0 with a mass flow rate Qa and which electrically 

1jk^'\^\^itLi^^^^^X'^M't?) charges the ultrafine particle generated in the 

^M'M 110, ^^^^^±12 ultrafine-particle generation section 101 using a 

Oct 9 {^^^^tifc'^MX-^M^ radioisotope like Am241, the differentiated type 

-t^W^y^^^^Wi^^xyBBW electrical-mobility classifier 113 which classifies 

113, '^^^M'^^W}&6yWL a ultrafine particle where a charge is carried out 

Sgl 1 3 f^t^^— ^K4^4Q as mentioned above, the mass-flow controller 

c 51/min.) (D^ti^M 112 which introduces the sheath gas 111 for 

f2^^^fz^(Di/—7siS7^ 111 forming the flow of the fixed mass flow rate Qc 

?r^^MmM#i(]it^>?Si^g 1 (for example, 51/min.) within the differentiated 
1 3 {CaiAi^5*^^:7n — type electrical-mobility classifier 113 into the 

t-p — yll2/$)^t»^5o differentiated type electrical-mobility classifier 

-c\ mmLi'(D^m\^. 113. 

^>fflV^Tt^V^L, Wi^^WiL Here, a ultra-violet-ray lamp like an excimer 

^t^i^%y y:f(DM:^^\^^ lamp may be used for the charge of a ultrafine 

(dffiv^Tt^— |pI{ct#:b^cCV\ particle, it does not matter at all even if it uses 

simultaneously the both sides of a radioisotope 

and a ultra-violet-ray lamp. 

[0 0 3 0] [0030] 

MWi^iL^i^^^l 0 3 Furthermore, fundamental composition of the 

oS^S^^c^tiijfefi. ultrafine-particle deposition section 103, 

^m&'Mmmi 1 3:^^^-^^^ consists of 

^tL/cv/--;^:*f;^(D»itfiSrff S'J Mass-flow meter 115 which measures the rate 

i~6-r>^7n — ^1 1 5, of flow of the sheath gas exhausted from the 

iy^:^:^:^(D^^%^MS,^MMir differentiated type electrical-mobility classifier 

^^yy^ ^ yT.^^/^^jv-y 1 113, the conductance variable valve 116 which 

1 6 > ii^S^SJit3:5)^^$tifc controls the exhaust speed of sheath gas, the 

1&§!k^^(om^^"ii 0 ^^^1^- ultrafine-particle deposition chamber 117 which 

ii^^l 1 7, deposits the ultrafine particle classified on the 

^tL/c^-t y T;^ ;^cD»ftS^ff deposition substrate, mass-flow meter 118 

Syi^'5'^^:7P — ^ 1 1 which measures the rate of flow of the carrier 

8, ^-t y T;^f>^cD#M3^i^Sr gas exhausted from the deposition chamber, 

%\\mr ^ ^ y y '!7 ^ the conductance variable valve 119 which 
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/i^y'" 119, =^-t y T:ff'P^:jroX controls the exhaust speed of carrier gas, roots 

t/v/— ;^;^";^(DSN:^^tT 5 vacuum pump 120 which performs exhaust gas 

'>'/K>'7° 1 2 0 , yu—yyi^yzf of carrier gas and sheath gas, the dry pump 121 

(vijS^iUcgBM^tifc yi^y arranged serially to a Roots vacuum pump, 
yi 2 It^hl^^o 

[00 3 1] [0031] 

in 1 ;6»^E14 ^ffiV^Ts Next, generation * collection * classification * 

' ' ^B. ' deposition of a ultrafine particle is demonstrated 

mm\^mLxmmi-6o mi(D using figs. i -4. 

^ — ^■^^^yzf^^W-t Lfc After exhausting the vacuum reaction chamber 

M^M?iWM.^l 0 9\cX^X 104 to < 1*10-^Torr ultra-high vacuum by 

M^^ft-^ I 0 4 ^< 1X1 ultra-high-vacuum exhaust-gas -based 109 

0"°T o r r (Di^^M^l^W^ which made the turbo-molecular pump of FIG. 1 

^> 1 0 9 the agent, ultra-high-vacuum exhaust-gas 

ill" 5 o -based 1 09 is closed. 

[0 0 3 2] [0032] 

Ir|B#{c:, BW&-^^J^U 10 1 Simultaneously, where between the 

tBW&.^^B.U 10 2 ultrafine-particle generation section 101 and the 

l^:9'M«^#it]it5>0^M 1 1 ultrafine-particle classification sections 102, 

3<!;-v';^7P — ^— ^IISW between the differentiated type 

PhI. joJ;OT^^i^lT-*i^^ 1 1 electrical-mobility classifier 113 and the 

7<!r-x';^7P — ^— i?118<Z) mass-flow meter 115, and between the 

f^^fMML-fc'Ji)\M'V'^-~yt^'^j^^ ultrafine-particle deposition chamber 117 and 

yi^y-if^^W-t-f^M'^M^W the mass-flow meter 118 are closed, after 

1 1 4 J;oT#fl;^ 1 1 exhausting the charge chamber 110, the 

0. Wj^MM^^W}&'^BBW. differentiated type electrical-mobility classifier 

1 1 3 , jS^Jlt^iiai^ 1 1 7 113. and the ultrafine-particle deposition 

Sr< 1 X 1 O'^T o r r c^^ffi chamber 117 to < 1*10"^Torr ultra-high 

M^t.'VW^^^ MMM^W^ vacuum by ultra-high-vacuum exhaust-gas 

^1 14^M^i"5o -based 114 having, as main constituent, a 

turbo-molecular pump, ultra-high-vacuum 
exhaust-gas -based 114 is closed. 

[0 0 3 3] [0033] 
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iS^(^-vy;7n^:=i>'hn — ^ 1 Next, carrier gas (a high-purity noble gas, for 

0 6 ^fflV^TX^Si^^^ 10 4 example, 6-N He) is introduced into the vacuum 
i^KfiJ)itfiQ eiV^^VT::^^:^ reaction chamber 104 with a mass flow rate Qa 

(i^^Jfi/^#:^^^^^ Mx^li^GNCO using the mass-flow controller 106. 

He) ^MA^^o ^^^\ M Here, between the ultrafine-particle generation 

0 1 t^UU^ section 101 and the ultrafine-particle 

10 2 (Df^^f^Wcir^o classification sections 102 is opened. 

[0 0 3 4] [0034] 

^btc, Wx>MM^^W}^M Furthermore, between the differentiated type 

1 1 3i:^^7n — — ^ electrical-mobility classifier 1 1 3 and the 

1 1 5(Df^^ MWi^^^^^l mass-flow meter 115, also between 
1 7<t'^;^:7n — — ^1 1 8 ultrafine-particle deposition chamber 117 and 
(Df^hf^^i^^o :icot^^y the mass-flow meter 118, it opens. 

y ^ ^ y7s'^^/</]yy' 1 1 6:fc At this time, the conductance variable valves 

ctr/1 1 9\t±mML'^B^^h 116 and 119 are in all open states. 

2 OisXri Roots vacuum pump 120 and the dry pump 121 

h^y^n^y-^l 2 1 itWWi'^M are operating state. 

[0 0 3 5] [0035] 

7 n — — y 1 Next, sheath gas (a high-purity noble gas, for 

1 2^fflV^T'«5>MM#»]it example, 6-N He) is introduced into the 

5>f*ggl 1 SlcWMMMQc differentiated type electrical-mobility classifier 

'V'iy—::^:^:^ iM'^^^:^^^. 113 with a mass flow rate Qc using the 

6 N(7)H e ) ^^^At'So mass-flow controller 112. 

^LX. M^Rft^^ 10 4 i^Sfi And balance is maintained by the conductance 

W^tifcJ£M^l 0 7 ^^\^^X variable valve 116, feedback controlling the 

^ ^ >:^~^^y'^ji'Zf 1 1 conductance variable valve 119 using the 

9 ^ 7 ^ K^^ :y ^J^^f bo pressure indicator 107 arranged in the vacuum 

o, n >^^^ ^ pj^/'^/i/:/ reaction chamber 104. 

1 1 6Xy<yy:^^M^^tK Keeping constant the atmosphere noble-gas 

ctoTs M^Rf^-'^coW^WM.^ pressure of a vacuum reaction chamber, the 

:^f±Jj^-''^\^^h^^, ^ conductance of an exhaust-gas line is 

y^^y^n — ^ 1 1 8CDff?|iJjil controlled by it so that the measured value of 

;5^Q a td, -r^ 7 — 1 the mass-flow meter 118 is set to Qa and the 
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1 5 (D|+SiJfil^^Q c tts:^Xo measured value of the mass-flow meter 115 is 
m^y^ yo=iyy^ settoQc. 



[0 0 3 6] 

1 0 , w^mmn^Wim^mm 
g 1 1 3 . mwn^mmM 1 1 



[0036] 

A contamination of the oxygen with respect to a 
ultrafine particle etc. can be lightened by 
introducing the noble gas of a high purity in the 
above procedures, after exhausting the vacuum 
reaction chamber 104 which generation * 
collection * classification * Deposits a ultrafine 
particle, the charge chamber 110, the 
differentiated type electrical-mobility classifier 
113, and the ultrafine-particle deposition 
chamber 117 to a ultra-high vacuum. 



[0 0 3 71 

%fLs 0 4{ci3{t 



[0037] 

Moreover, the rate of flow of carrier gas * sheath 
gas is kept constant, keeping constant the 
atmosphere noble-gas pressure in the vacuum 
reaction chamber 104. 

Thereby, it becomes possible to maintain the 
stable ultrafine-particle generation conditions, 
as a result, the sharpness of classification of a 
ultrafine particle can be improved. 



[0 0 3 8] 

^10 4 (D^nrnmiM 2 \z.7f^ 

-^V h 7^/1^^- 2 3 , ^ 
h7;tywy-2 3±tCifi 
W.^flfz^-^y hM2 2, U 

tzry^^—^ys ^7°/^— A2 5 



[0038] 

As shown in FIG. 2, the internal composition of 
the vacuum reaction chamber 104 where a 
ultrafine particle Is generated, consists of 
The target holder 23 which has an autorotation 
mechanism, the target material 22 arranged on 
the target holder 23, the ultrafine-particle 
collection pipe 24 which can transfer to 3 axial 
direction of xyz arranged in the growth direction 
(the direction of the radiation of the target 
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(75M;^fo]) tciag $ tifz X y material 22) of the ablation plume 25 excited by 

z CD 3 tt;^[B] fc#ib "11^7'=?^^ the laser light 21 , the ultrafine-particle collection 

s^i^ijX^/NV 7° 2 4 . pipe attachment or detachment mechanism 27 

JlXA^'^'f 7°2 4 (D^IJJ, • ^1^^ for performing attachment or detachment * 

5 fc cD^^li^ l|5iS/^V exchange of the ultrafine-particle collection pipe 

m2 7f)^h^^o 24. 



[0 0 3 9] [0039] 

if — )fe 2 1 J; o TSi® $ Since the substance which was excited by the 

tt> T'fi^—i^ 3 ^ o laser light 21 , and ablation reaction detached * 

T ^ — y h iH" 2 flJiil • emitted from the target material 22 dissipates a 

lttti$tifc^W(S#ffl^#";^";^ kinetic energy in an atmosphere noble-gas 

:7}"-T-{viililj^^/'^=¥— ^t5C3^"t" molecule, It is promoted to the condensation * 

•Si^cfe. ^^'Q(DW^ • f^^fP' growth in the air, and grows to be a dozens of 

fJE^iXv m:^^^^+n m(D nm ultrafine particle from several nm. 

S^^ifei^ {c:;5jc:i:f 5o ^w'C, Here, the particle size of the ultrafine particle 

fiKSi"5ffi^^3Kt^(D3^^, ^fife which grows, and the aggregation phenomenon 

^titz^W^^^±<D^%'^-$k of the generated ultrafine particles have a 3 

fii^— if— ^2 1 (DWMW.W.\^ dimensions place dependence with respect to 

jpf-t-S 3 ^f^7tWl^W\^^\^^ the irradiation position of the laser light 21 . 

i^Oo ^) , S^^J^^itX^^'^ The ultrafine particle which grew to be the 

-Y7°24?rlll2cOxy zOD3fft particle size aimed at is efficiently collectable by 

;^|o]{c"5Iii]i:i"§ w <!: "C\ i^— in other words arranging the ultrafine-particle 

KDW'MiihW.l^l^l^X 2> collection pipe 24 in the three-dimensionally 

^K%^\^^^^MtLWK^W^^ optimal position to the irradiation position of a 

'7°2 4 ^ t laser beam 21 by making the ultrafine-particle 

^io fc^Si>i^fi \^tz.W^ collection pipe 24 movable to 3 axial direction of 

U=f-^. ^W&-l-W\±(OWk^ xyz of Fia 2, suppressing aggregation of 

too^^6<)(c:i|3l^i-5 r ultrafine particles, 

[0 0 4 0] [0040] 

^ ^{', S^?i^i^J|X^^^V7°2 Furthermore, the ultrafine-particle collection 

4 ^^W^^t"^ ^^WMl^^ pipe (for example, a taper shape is given to a 

My^-<-fMMMU2 its pipe) with which shape * structure differs by 

i it?, ?f^4^ • Wk(D^fi^^ establishing the ultrafine-particle collection pipe 
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attachment or detachment mechanism 27 which 
makes the ultrafine-particle collection pipe 24 
detachable can be attach or detached * 
exchanged easily, and it becomes possible to 
optimize the shape * structure of the 
ultrafine-particle collection pipe 24, the increase 
in efficiency of ultrafine-particle collection can 
be attained. 

In addition, the atmosphere noble-gas pressure 
dependence in generation of a ultrafine particle 
is also controllable by controlling the 
atmosphere noble-gas pressure in a vacuum 
reaction chamber by the above procedures. 



[0 0 4 1] 



[0041] 

The ultrafine particle collected in the 
ultrafine-particle collection pipe 24 is conveyed 
by the charge chamber 110 with a mass flow 
rate Qa, therefore, a charge is carried out to at 
least one of a radioisotope or a ultraviolet ray 
lamp. 

Here, if only a radioisotope is used for the 
charge of a ultrafine particle, the volume of a 
charge chamber can be made small, as a result 
reduction in size of the whole apparatus can be 
performed. 

Moreover, if a ultraviolet ray lamp, or the both 
sides of a ultraviolet ray lamp and a 
radioisotope are used for the charge of a 
ultrafine particle, a ultrafine particle can be 
electrically charged more efficiently and the 
yield of a ultrafine particle can be improved. 



[0 0 4 2] [0042] 

^%M \ 1 0'C#ll$;}x/c^^ The ultrafine particle by which the charge was 
Iu^(iil3lc:7j^1-J: ^^cC^^ScirM carried out by the charge chamber 110 is 
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conveyed by the differentiated type 
electrical-mobility classifier as shown in FIG. 3. 
The charge ultraflne particle conveyed with the 
mass flow rate Qa is introduced from the carrier 
gas inlet 304, it flows into the double cylindrical 
structure section with the radius of R1 , R2 from 
the carrier gas supply opening 306 through the 
carrier gas buffer 305 which homogenizes the 
flow of carrier gas on an isotropic target. 



[0 0 4 3] 

t.tc. 3 o i 

■d>(b>'—:^if:^^^yy7 3 0 2 
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y^^yj 3 0 2*3ctr/7-r/>^ 

3 0 S^riij^-rsr.ttcj; 13, 
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LP306<i:;^y5^h307ra 
Ul-t^:^ y 5/ h 3 0 7 (ClifEAi- 

So 



[0043] 

l\/loreover, sheath gas which has the mass flow 
rate Qc introduced into the sheath gas buffer 
302 from the sheath gas introduction port 301, 
by passing the sheath gas buffer 302 and filter 
303, it becomes a laminar flow and flows into 
the double cylindrical structure section. 
The charge ultrafine particle which flowed in the 
double cylindrical structure section receives 
power toward a cylindrical axis by the 
electrostatic field impressed by DC power 309 
between double cylindrical like FIG. 3. 
Since the electrical mobility changes with 
particle sizes, a charge ultrafine particle should 
follow the distance L between the carrier gas 
supply opening 306 and slit 307. 
According to the electric field strength decided 
by the voltage V of DC power 309, and double 
cylindrical radius R1, R2, the charge ultrafine 
particle of only a single particle size flows in to 
slit 307. 



[0 0 4 4] 
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CKDi^lvi, ^'yVT0:^W% Thus, the charge ultrafine particle taken out 

a 3 1 li^hMia^ti^^MM from the carrier gas exhaust port 311 is 

WiUl-liW;>^MMU^W)^'^B classified in a single particle size by the 

^fii'i cfc o T^— ^@('i:^>0 $ differentiated type electrical-mobility classifier. 

ti^o ^^X\ ±.f&(D^oti:^ Here, a sharpness of classification can be 

©T?^A$ti5=^-V y T;^/;^ • brought close to a theoretical value by 

'y"-::^:ffy(^(DM^MAt^ #M controlling so that the mass flow rate of the 

^h^^-Y V T:if:^ ' carrier gas * sheath gas introduced by above 

7s(DK^MMt^^il^ti^L< means and the mass flow rate of carrier gas * 

^=^5 J: 5 {^$|JI^ UT-^-S i i: {■! sheath gas exhausted become equal, 

'Mm&im$^±(Dim^ respectively. 

[004 5] [0045] 



r>§lMM#i]S5->®iSg 1 1 The charge ultrafine particle classified by the 

3X^AB.^tifz^MBW^Ul- differentiated type electrical-mobility classifier 

it, M 4 {ZTT^-t X 0 ts:MW^^ 113 is conveyed by the ultrafine-particle 

M^^i^WiT^^ti^o Wi^^ti deposition chamber as shown in FIG. 4. 

fc#fl;®$&3Kfi^{iit^^y X/u The conveyed charge ultrafine particle is 

4 2;0^b±i^^4 1 (cnMttJ ejected in the deposition chamber 41 from 

^^M^y :tJ^'^— 4 4 ±.\z.Ui nozzle 42 for deposition, it deposits on the 

W-^titZy i^^MtR4 3±(cii deposition substrate 43 arranged on the 

^^tiSo iiaS^^4 3^ll4 deposition substrate holder 44. 

£D z :^[R](c^ibRjfg<i;-^§i|^ In being able to make variable distance of 

^U^W}MM4 S^Biii^^t nozzle 42 for deposition, and the deposition 

X\ it^ffl y X/P 4 2 t substrate 43 by forming the deposition 

4 3 cDEgSi^ t-t^^it substrate moving mechanism 48 which makes 

;i^T?#5 5;ts ±i^fflyX/W4 the deposition substrate 43 movable in the 

2 • m^&Wi 4 3 direction of z of FIG 4, exchange of nozzle 42* 
^B\^L. J^^^iiMi^^'S.ir deposition substrate 43 both sides for 
^^tt^X'^^c deposition is made easy, a shape can be 
4 2(DM^^^'^LX. i^ttj-f altered as desired. 

'5^?Si^l^co3ig?r'^ft:^-^> The shape of nozzle 42 for deposition is altered 

Jt^ffl / XVi^ 4 2 t ii^SIS 4 and the speed of the ultrafine particle which 

3 (D^m^ MWi- ^ t \^ X ejects is changed. 

0 ^ l#^Sfe4 3;^^ii^/X/v By controlling the distance of nozzle 42 for 
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deposition, and the deposition substrate 43, it 
can suppress that the deposition substrate 43 
acts as a cascade * impactor to the air current 
containing the ultrafine particle which ejects 
from the deposition nozzle 42. 
On the contrary, the deposition substrate 43 can 
also be made act as a cascade * impactor, and 
the further homogenization of the deposition 
ultrafine-particle particle size can also be 
performed. 



[0 0 4 6] 

4 7 ^WMf±^m\ii^^ ^ t 



[0046] 

Moreover, the deposition substrate 43 is 
charged by impressing a DC voltage by DC 
power 47, the peltier element 46 further cools. 
In other words, adhesion in the deposition 
substrate 43 of a charge ultrafine particle is 
promoted by electrically charging * cooling the 
deposition substrate 43, a collection efficiency 
can be improved. 



[0 0 4 7] [0047] 

fj:i6, ^ ^ "T: (iif^Ste 4 3 ^ In addition, the deposition substrate 43 was 

^MLs ;?)^o?^SPL/ci;5\ i^^-f charged here and it cooled. 

L h • ^ifvM<^M:fv^^j 0 However, it is not necessary to perform the both 

V \ sides of electrical charging * cooling. 



[0 0 4 8] 



[0048] 

As mentioned above, a target material is excited 
with a laser light by low voltage noble-gas 
atmosphere, according to ablation reaction, the 
detachment * emission of a target material is 
performed, the substance which it detached * 
emitted is condensed * grown up in the air, and 
a ultrafine particle is generated, it collects with 
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titz^W&^^T'f l^^^y 3 the ultrafine-particle collection pipe arranged in 

Sl^^t^ J^oT^CTtT^ U—v' the growth direction of the ablation plume which 

3 ^'y/b— i^cD^i£;S::^lpI(c|Eg produced the generated ultrafine particle 

$ ix/cS^^i^ilX A^^V -f\cX, according to ablation reaction. 

^X^%ir^WktL=^'^M. The above-mentioned ultrafine-particle 

'^%^fifzMMML=i-^'^%.V^ generation section, the ultrafine-particle 

:J>M€^^i!jS:$^i^i^g^ffiv^ classification section which the collected 

^ ultrafine particle is electrically charged and Is 

^$tifc^^i|&^^it^S^R± classified using a differentiated type 

(c:®$^^i^it^ffl / L electrical-mobility classifier, the ultrafine-particle 

X^^'^'^W^^L^'s^'^^ii^h deposition section which deposits the classified 

t»j5fe$n5> ultrafine particle through the nozzle for 

^ii^^'C^iiSl^^^.e— ISc07° ultrafine-particle deposition on the deposition 

p-lr;=^T:lT5@^Jfei^;t^Jt^ substrate, the ultrafine-particle generation 

i^g^fflV^-S::.!:!:', ^— ^ deposition apparatus which comprises these 

^ . and which performs from generation of a 

tr^^6*)tcf^M ±i^S^R± ultrafine particle to deposition in the process of 

(ci|^i"5-;i^:/55'C#5o a continuous package is used, the high-purity 

ultrafine particle of single particle-size * uniform 
structure can be produced efficiently, and it can 
deposit on the deposition substrate. 

[0 04 9] [0049] 



\Mm<D9h%\ [ADVANTAGE of the Invention] 

JiA±CDct '5 t^^^?^l^«t^i/{i. As mentioned above, according to this 

^■—W^'^—Wr^hfSi'^X.o invention, the controlled high-purity ultrafine 

\zM'^^MtWM.W^^=i'<0 particle can be produced easily and efficiently 

^%^'^'B}\z.t>^^^^\zf: 0 so that it may become single particle-size * 

Z-ht^X^y ^l^^^fzMW^ uniform structure, and the generated ultrafine 

^^'k^^W^^LXzMM^^^Wr particle can be reliably deposited on the 

^Z.ht^X^'^o deposition substrate. 
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[FIG 1] 

The whole ultrafine-particle generation 
deposition apparatus blocl< diagram in 
Embodiment of this invention 



[m2] 



[FIG 2] 

The internal block diagram of the vacuum 
reaction chamber where the ultrafine particle in 
Embodiment of this invention is generated 



[11131 



7\A 



[FIG 3] 

lifeCDff^tllcfcttS^ The block diagram of the differentiated type 
t<^t#^ electrical-mobility classifier in Embodiment of 
this invention 



[114] 



[FIG 4] 

The block diagram of the ultrafine-particle 
deposition chamber in Embodiment of this 
invention 



[US] 



[FIG 5] 

The apparatus conceptual diagram for carrying 
out the production deposition of the 
conventional ultrafine particle 



[ID 6] [FIG 6] 

mMMLl-WMt^(OWLilSLii^%% The con-elation diagram of a ultrafine-particle 
©tBHH particle size and its absorption-edge 

light-emission energy 



1 0 1 mm.'f-^^u^ 
1 0 2 mmL^'xyMi.n 
1 0 3 mmL^i^mu 
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[Description of Symbols] 

101 Ultrafine-particle generation section 

102 Ultrafine-particle classification section 

103 Ultrafine-particle deposition section 
104,501 Vacuum reaction chamber 
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1 0 7 iE;^!!^ 

10 8, 21 i/-if-^ 
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110 

111 'y— 7.1^7. 
1 1 3 



115, 118 ^X7n — ^ 

116, 119 ^V'^^ 9V 

1 1 7 mm.^^-'mM. 

120 /v-y^K:/:^ 

121 K7-r:?K:/7° 
22, 5 0 8 ^—^y hit 
2 3, 5 0 7 9 — V7 

2 5 T7V-->3 ^7°/^— A 
2 7 
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3 0 2 

3 0 3 

3 0 4 

3 0 5 

3 0 6 
P 

3 0 7 

3 0 8 
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105.26 Carrier gas 
106, 112, 511 Mass-flow controller 
107 Pressure indicator 
108,21 Laser light 

109, 114 Ultra-high-vacuum exhaust-gas 
-based 

110 Charge chamber 

111 Sheath gas 

113 Differentiated type electrical-mobility 
classifier 

115.118 Mass-flow meter 

116.119 Conductance variable valve 

1 1 7 Ultrafine-particle deposition chamber 

1 20 Roots vacuum pump 

121 Dry pump 

22, 508 Target material 

23, 507 Target holder 

24 Ultrafine-particle collection pipe 

25 Ablation plume 

27 Ultrafine-particle collection pipe 

attachment or detachment mechanism 

301 Sheath gas introduction port 

302 Sheath gas buffer 

303 Filter 

304 Carrier gas inlet 

305 Carrier gas buffer 

306 Carrier gas supply opening 
307,503 Slit 

308 Connector insert 
39, 47 DC power 

310 Sheath gas exhaust port 

311 Carrier gas exhaust port 

41 Deposition chamber 

42 Nozzle for deposition 

43, 509 Deposition substrate 
44 Deposition substrate holder 
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4 1 mm^ 

4 2 mm / ^vi- 

4 3. 5 0 9 it^^iK 

4 4 mmmmytJ^^- 

4 5 ^-^yr;*^;^^^^?^ 

4 6 ^/]yf-3L^^ 

50 2 Jids^v'-y'l/^if^Ji 

5 04 ^^l/^'X 
5 0 5 ? 7- 

5 0 6 ^mxM 

5 10 ^07.mAy4y 
5 12 
5 13 

mi] 



45 Carrier gas exhaust-gas -based 

46 Peltier element 
502 Excimer laser 

504 Condenser 

505 Min'or 

506 Optical introduction aperture 
510 Noble-gas introduction line 

512 HV exhaust-gas -based 

513 Differential-pumping -based 



[Fia 1] 
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121 



101: Ultrafine-particle generation section 

102: Ultrafine-particle classification section 

103: Ultrafine-particle deposition section 

104: Vacuum reaction chamber 

105: Carrier gas 

106: Mass-flow controller 

107: Pressure indicator 

108: Laser light 

109: Ultra-high-vacuum exhaust gas -based 

110: Charge chamber 

111: Sheath gas 

112: Mass-flow controller 

113: Differentiated type electrical-mobility classifier 
114: Ultra-high-vacuum exhaust gas -based 
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115: Mass-flow meter 

116: Conductance variable valve 

117: Ultrafine-particle deposition channber 

118: Mass-flow meter 

119: Conductance variable valve 

120: Roots vacuum pump 

121: Dry pump 

From a thing top without a number; 
Feedback control 
Sheath gas 
Carrier gas 

[El 2] [Fia21 




21: Laser light 
22: Target material 
23: Target holder 

24: Ultrafine-particle collection pipe 
25: Ablation bloom 
26: Carrier gas 

27: Ultrafine-particle collection pipe attachment or detachment mechanism 
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301 : Sheath gas introduction port 

302: Sheath gas buffer 

303: Filter 

Sheath gas 

304: Carrier gas inlet 

Carrier gas 

305: Carrier gas buffer 

306: Carrier gas supply opening 

307: Slit 

308: Connector insert 
309: DC power 
Sheath gas 
Carrier gas 

310: Sheath gas exhaust port 
311: Carrier gas exhaust port 

[1214 1 [FIG 4] 
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41: Deposition chamber 
42: The nozzle for deposition 
43: Deposition substrate 
44: Deposition substrate holder 

45: Carrier gas exhaust gas -based 
46: Peltier element 
47: DC power 

48: Deposition substrate moving mechanism 



[Fia 5] 
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501 : Vacuum reaction chamber 

502: Excimer laser 

503: Slit 

504: Condenser 

505: Mirror 

506: Light-guide ON window 
507: Target holder 
508: Target material 
509: Deposition substrate 
510: Noble-gas introduction line 
511: Mass-flow controller 
512: HV exhaust gas -based 
513: Differential-pumping -based 

[me] [FIG 6] 
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Vertical axis: Absorption-edge light-emission energy (eV) 
Horizontal axis: Uitrafine-particle diameter (nm) 
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Dement shall not in any circumstances be liable or responsible for the 
completeness or accuracy of any Denvent translation and will not be liable for any 
direct, indirect, consequential or economic loss or loss of profit resulting directly or 
indirectly from the use of any translation by any customer. 

Derwent Information Ltd. is part of The Tliomson Corporation 

Please visit our home page: "WWW.DERWENT.CO.UK" (English) 

"WWW.DERWENT.CO.jp" (Japanese) 
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1 0 9 Sr^-r* . 
[0032] Rl^tC. mm^f^^^ 1 0 1 fc jBffi^i' 

msn 1 0 2<^. vkmrn^imsmmm iist 
vx7D-^-:?i 1 5(om. niix/mm.'f-immi 

-ni^^tynmb-ttm^mmM 11 4 tj: 
oTSfms 110, ffli^ae^iij^tJMs^s 113, 

eSie?^««^l 1 75:< 1x1 0-7TO r rcoSKJS 

sttx-Mmm. mmsmj^i i4imm-th. 

[ 0 0 3 3 1 iJctrvx^o-ayhn-^ 1 0 6*fflv^ 

TS^KB^ 1 0 4{c®»siaQ aT^^ u r;<rx 

ss^^^ati 0 1 kiSSBi^^^ssn 0 2<^$-ia 

[0034] S^>K. fa5^S«^««lS4hR^ffll 13 
b-7Xyo~^-:Sr 1 1 5<0H. i®S«4^Jta^l 1 7 

fcvx7D-^-5'ii8<ora<,ii8rrs. cKot^n 
y:^^:7:J'yxl^I3?>'•?;^7'l 1 etax^i 1 9\i^m!m 
ffi-c&o, fi^'y^yri2 0iixv^vy^4iyn2 

[0 03 5] acC-7X7o-ayho-51 1 2^ffl«r^ 

0|;cK6N<OHe ) S^^Ai" 
-eLT. S2Rt5Sl 04t:i5ia$tutE>JtH 0 

7 5rfflv 3 yi$^:!^ 9 yXS[^J^)V:f 1195-7^ - H 

f<>y^fmL^. ^yyy 9yx^t^)Vf\ 1 6-c 
)'^^yx^^hZ.b\i::X^X. JtSRJ6^<o«iaswfe;<r 

x£E*5:—^fcft vx^o-^-:? 1 1 Scoff 
iSHij&iQat. ■7X70-^-^' 1 1 5 COftaifij&JQ c 

fc^rSidK. m3Ay<n:jiyy99yx^wm 

5. 

[0 03 6] JiEOip^^JST, iSJ^^ *5*Ji!c • JR 
m-ihR «l«$*l&S2^R«Sl04, #«gl 1 

0. t»^m^ii^d^e^i 1 3. mmi-ms. 
:LbX'mkm<mhf^m(rimkmkth:Lbif^ 

X%h. 

[0 0371 ^fc. SSRlB^10 4t:tJ»tS#H«* 

[00381 mmf-mM^tii^sss^m. 1040 



(5 

7 

«y^7*7^:?'-23 , :?-y«y h7*;l'^^-2 3±t: 
Eg$*t7t^'-y-yhtt2 2. r-3t2 1(cJ:-5T 
Etee^^t^rTT'W'-i/ 3 yrjl-M. 2 5 (^«S*-|6J ( ^ 
->-' y hfl2 2iOMl:/ri6l) tEM$itJtxyz<7)3ffll 

:&isit:»»»rie^:i8«»^FjRm/'c>fr24, jBS^L^jR 

^rmmm27i)-i^&t. 

[00391 W-if-3K2 1 izX-pXmm^tl. TfU 
-J^3yRi5tJ:r>T^'-y-5'h«2 2A»^>BMI»aj 10 

+nm<^)Sai^^fe:jRg-rs. jS^-rsfifi^ 

-%2 \(nmim.^nth smxsmmm^'Sifim 

-y. o^O. j@fita^lti^N"^r24Sra2<0xyzc7) 
SUtfiriiilfciillit-rs^ifc-C. P-1f3K2l<^)Sg«{aS 
fcJtUT 3<J5n«t3Ka^rfi[SfcSfi^?-lim/f-^ r 2 

[ 0 0 4 0 ] $ <5>{C. iBfitfi^lRA^^-f r 2 4 Sr«K^ 

iigt-r ssjas^ JD^N-^ T«)Bastt2 7 srgtts ^ t 
•ch >) . msmfmk/^^r24ff)jm • tm<rf§m: 

(o^izminmmytfxm^jm^immthzt 30 

[0041] mm=Fiimur24Tim^ivrzmm 
sw. a*saQa-c#«^iiot:m$<x. is* 

cmmizm^^tn^. s«^io^^/hs<-rs^fc*<T' 
xM^ximm^coA^itti^mb^h. t^. m 

[0042] ?§fssi 1 ox^^ixttmm'Hm3 

X»AP3 04*»<?>?9;A§tt. '^f-r'Jr;{fXOiiSDfi^^ 

x.Ri. R2<^^^it^zMmm^mz^-e *j r 

;<fxii>:#aiLP3 0 6A><i>5gixatr. 
[0 0 4 3] t.tL. s^-X;«fxaiAP3 0 1 X 
;<fxA^7r 3 0 2ti®A$iifc©48S«Qci&*-r 5 50 
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i/—xiSx\t. i^-x:ffxf^-/yr30 2m.tfy A)V 

m^^izmms. -mv\mmm\iz^Ltim^s»i 

mii. 03Oj:3fc:ttS[€ji3O9tJ:-?TZfinM 

i^m^htzib. ^^VTy9xf9i^tiiLn30 etXV y 
b3 07^«^Lt>J:r/, iliiim«i3 0 9O«EVi: 
ZJiniJ<O^JigRU R2T^*I.SIHfe^tlS!->T. 
*-^sg<^*<o<5«ia^ WX y -y h 3 0 7 tZSLK-t 

[0044] ClcOidfc^ ^^*JTifxmfS.a3 1 li^ 

izX^XS^-W&iz^m^ii^. ZZX\ ±£oJ:3^r 

^m-mx^iti^-e vr:^'x - i^-x;yx<7)®as£ft 

[0045] fgL^mssimms^ 1 1 sx^^ 

4 2i)-mmm4 itcitajL. mmmLy^f\^y~4 4 
±izss^tuz. J6ss«4 3±tcJta?its. tmm 
m 3 »04oz^i6)(£^iirig2:^stiffise^ssi« 

184 85:^{tSik-C. X)V4 2 timmL4 

3<omiti:^b^tzbi^x^i,^i. mmyx)v 
42 ■immsi43Wj<^^^m$^izL. 

\iZ^'fh Z. b S . fmmJX)V4 2 <7>m.i:% 

X)V42bmmi4 3<n!tmiwm-hzbizx*). 
immi4 3ifiimyx)V4 2ij^hmsi!!fhmm=i-i: 

^/jmSUznLXiiX^-Y ■ ^yf-^^^-bLX^ 

mhzbivmttzbi^x^h, mz. mmL4 
3^i!ixy-Y -^y^-^^^-bLx^^^hZbi* 

{oo46\tti. mmmL4 3 {ieeg®g4 7-ctta 

4 6fcJ:oT?&a$tiTV^S. JtSS«4 32: 

^ • }^»-rsvii:T\ ^^^sm=f<niimwsL4 3^ 
mmi:m.L. tsmm:^±.^^hzbifix%h. 

[0 04 7] ^rtJ. ZZX\iimm9L43t:^L. ii* 

[0048] ±Si<OX 0 fc, ®E«;<rx#H§iTf 
y >y hffSr W-if-3KT'liieL. T^P- v a y^iz 

x-yx-s^-yy Y-m^m ■ itajsrffv\ mm • «ai§ 
iiy::!tjm$r35*-c«ig • m^^-^xmm^i:^u 

fcryp-s^a >'r;p-A<o)fi^^riiiifciiia$<xfciefa 
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[0049] 

[03 1 ^^mommmizmmMm^mm 
mm 

[@5] «!3i^8^?^f^imt&^«><^^IS«^ 

m 

110 

101 mmr^^ 

102 jBias^^aj 

103 mm^mm 

104. 50 1 K^giBS 

10 5. 2 6 ^-vurxrx 

106.112.511 -rx^o— ayho— 7 

107 ffi:>3fh 

108. 2 1 U-if-it 

109. 114 mmMm^^ 



(6) 1^112000-282222 

1 0 

110 ?tms 

111 i^-xifx 

113 st:^m^ibSii»^s 

115. 118 -7X70-^-:? 

116. 119 ayr^^^yx«i^J^ji^f 
117 gf*B^*iS^ 

120 

121 H5'f^:x7* 
2 2. 5 08 ^'-y-yh« 
10 23. 507 ^'-y-yh^^ykr- 

24 mmf^mjur 

2 7 msm'ftm^urmmsm 

3 01 V- X;)5r;^^AP 
30 2 zy—xifXJ^-yyr 
303 ^^yp^' 

3 04 ^■vyr;!rxj»;AP 

30 5 ^A-Ur^yxAy^r 
306 =^f-^Ur;<rxi!Jj|;aiLP 
20 3 07. 50 3 XV yh 
308 

3 9. 4 7 ficimgi 

310 ->-x^xm^a 

311 ^E-V'UTJifXSmP 

4 1 mmm 

4 2 

4 3. 509 imms. 
4 4 immsLy*)vy- 

4 5 ^+'JT;<fXfiimS 
30 4 6 '^Jl^f^x*^ 

5 02 XdE-$^vW— tfJISS 
5 04 ^%vyx 

505 57- 

506 *^A^ 

510 ^ifxmxy^y 

512 

513 msm^i 
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DA02 DA05 DB08 DB20 EA08 



